Objective Waterpipe tobacco smoking (WTS) involves passing tobacco smoke through water prior to inhalation, and has spread worldwide. This spread becomes a public health concern if it is associated with tobacco-caused disease and if WTS supports tobacco/ nicotine dependence. A growing literature demonstrates that WTS is associated with disability, disease and death. This narrative review examines if WTS supports nicotine/tobacco dependence, and is intended to help guide tobacco control efforts worldwide. Data sources PUBMED search using: (("waterpipe" or "narghile" or "arghile" or "shisha" or "goza" or "narkeela" or "hookah" or "hubble bubble")) AND ("dependence" or "addiction"). Study selection Excluded were articles not in English, without original data, and that were not topic-related. Thirty-two articles were included with others identified by inspecting reference lists and other sources. Data synthesis WTS and the delivery of the dependence-producing drug nicotine were examined, and then the extent to which the articles addressed WTS-induced nicotine/dependence explicitly, as well as implicitly with reference to criteria for dependence outlined by the WHO. Conclusions WTS supports nicotine/tobacco dependence because it is associated with nicotine delivery, and because some smokers experience withdrawal when they abstain from waterpipe, alter their behaviour in order to access a waterpipe and have difficulty quitting, even when motivated to do so. There is a strong need to support research investigating measurement of WTS-induced tobacco dependence, to inform the public of the risks of WTS, which include dependence, disability, disease and death, and to include WTS in the same public health policies that address tobacco cigarettes.
INTRODUCTION
Tobacco use causes the death of millions of people each year across the globe, with the most common form-and the most well-studied-being tobacco cigarette smoking. [1] [2] [3] Evidence has accumulated over the past 70 years that documents conclusively that tobacco cigarette smoking causes a variety of lethal conditions, including cardiovascular disease, 2 cancer (throat, lung, and bladder), 2 4 and pulmonary disease (emphysema, chronic obstructive pulmonary disease (COPD)). 2 In addition to being well-studied, these health risks are well-known and are described clearly to cigarette smokers in public health campaigns that use a variety of media to communicate them (cigarette packs [5] [6] [7] [8] ; TV advertisement [9] [10] [11] [12] ; print advertisement 9 13 ). Nonetheless, there is, worldwide, a continuing epidemic of tobacco cigarette smoking and its consequent disability, disease and death. This continuation of a self-destructive behaviour is, at an individual level, attributed to the fact that cigarette smoking supports nicotine/tobacco dependence: a condition in which substance use that initially is controllable becomes compulsive. [14] [15] [16] [17] This change from control to compulsion is a behavioural manifestation of changes in brain physiology that accompany repeated exposure to the drug nicotine. 15 18 19 Much has been written about the features of nicotine/tobacco dependence in cigarette smokers and there is some agreement regarding its indicators, 14 16 though also continued refinement is necessary. 20 21 Treating nicotine/tobacco dependence in current cigarette smokers is a key component in any public health programme intended to eradicate tobacco-caused morbidity and mortality. 22 Unfortunately, other, non-cigarette forms of tobacco use are becoming more prevalent worldwide. For example, smoking tobacco using a waterpipe (arghile, hookah, narghile, shisha), is a centuries-old method of tobacco use that has become a new strain in the global tobacco epidemic. [23] [24] [25] [26] [27] [28] As used here, the term 'waterpipe tobacco smoking' (WTS) is intended to include any method of tobacco use in which tobacco smoke is passed through water prior to inhalation by the user. One particularly common method involves using charcoal to heat a sweetened and flavoured tobacco mixture (ma'assel) in a ceramic head that sits atop a conduit that is submerged in a half-full water bowl that has a hose emerging from its top (above the water line; see figure 1 ). When the user inhales on the mouthpiece at the other end of the hose, negative pressure is formed in the bowl and air is thus drawn over the charcoal. The charcoal-heated air passes though the tobacco (perforated aluminium foil often separates charcoal from tobacco) and a combination of charcoal and tobacco smoke passes through the water and the hose and then into the user's lungs. Previously common in countries located in two world regions, Eastern Mediterranean [29] [30] [31] [32] [33] [34] and Southeast Asia, [35] [36] [37] [38] WTS now can be found in Africa [39] [40] [41] the Americas, 24 35 36 42-44 Europe [45] [46] [47] [48] [49] [50] and the Western Pacific. 51 52 As indicated by the WHO, there is little doubt that WTS is a global phenomenon, 53 and this fact is documented in many reviews, 25 35 42 54 55 as well as elsewhere in this issue. 56 The worldwide spread of WTS becomes a public health concern if it is associated with tobaccocaused disease and if its use becomes compulsive (ie, supports tobacco/nicotine dependence). There is a growing literature that demonstrates that waterpipe tobacco smoke contains many of the same toxicants as cigarette smoke, 50 57-61 that waterpipe tobacco smokers are exposed to these toxicants [62] [63] [64] [65] [66] and that WTS is associated with disability, disease and death. [67] [68] [69] This literature has been summarised previously 25 26 55 70 and the most up-to-date review can be found elsewhere in this issue. 71 The purpose of this review is to examine if, like tobacco cigarette smoking, WTS supports nicotine/tobacco dependence. If it does, the same emphasis given to treating and preventing tobacco cigarette smoking in public health programmes should be extended to WTS. Thus this review is intended to help guide tobacco control efforts worldwide. The review first examines WTS and the delivery of the dependence-producing drug nicotine (the primary dependence-causing agent in cigarette smoke 17 19 ) and then focuses on the extent to which the literature on WTS addresses nicotine/tobacco dependence in waterpipe tobacco smokers.
DOES WTS DELIVER THE DEPENDENCE PRODUCING DRUG NICOTINE?
Nicotine is a mild psychomotor stimulant that is produced by the tobacco plant. 17 Therefore, the first step in addressing nicotine delivery in WTS is to determine if nicotine is present in waterpipe tobacco. One study addressing this question 72 examined the nicotine content of 11 brands of the type of flavoured waterpipe tobacco (ie, ma'assel) in common use today. Results indicated that, on average, the nicotine content was 3.4 mg/g (range=1.8-6.3 mg/g). This nicotine concentration is less than that reported for 32 brands of tobacco cigarettes (mean=13.8 mg/g; 9.8-18.2) 72 but, considering that WTS involves placing 10-20 g of ma'assel into the waterpipe head, the difference in concentration may not be indicative of less nicotine reaching the user. Indeed, understanding nicotine delivery to the user involves an understanding not only of how much tobacco is used, but also the puffing behaviour that generates the smoke that emerges from the waterpipe. While a single puff from a cigarette is usually about 50-100 mL 63 73 a single puff form a waterpipe is many times that volume (ie, 511 mL;  66 833 mL;  63 906 mL   74 ). In addition, a single WTS episode can last for 30 min or longer, and can involve 60-169 puffs, 65 74 so there is ample opportunity for the nicotine in the bowl to be transferred to the user. Analysis of waterpipe smoke generated by a machine programmed to mimic human waterpipe user puff topography demonstrates that the smoke from a WTS episode contains about 1.0 mg nicotine, as compared to 0.73 mg for a standard tobacco cigarette. 64 Perhaps most important, several studies have demonstrated that plasma nicotine concentrations of waterpipe tobacco smokers are elevated after a WTS episode [74] [75] [76] [77] [78] and that this elevation peaks at concentrations that are greater than 78 or similar to those observed in cigarette smokers, 62 63 79 (but see 75 ) . Critically, the nicotine delivered to the user during WTS alters cardiovascular function 62 74 demonstrating that physiologically active doses of the dependence-producing drug nicotine are delivered to the user during a WTS episode. 42 
DOES THE LITERATURE ON WTS ADDRESS KEY FEATURES OF DEPENDENCE?
This section presents the method for identifying relevant literature and then presents our narrative review of that literature.
Method for identifying WTS dependence literature
In order to guide our narrative review of the literature on WTS and tobacco/nicotine dependence, we performed on 7 September 2014 a PUBMED search using the following search string: (("waterpipe" or "narghile" or "arghile" or "shisha" or "goza" or "narkeela" or "hookah" or "hubble bubble")) AND ("dependence" or "addiction") and it returned 69 hits. We excluded from the list articles not available in English, without original data and that were not directly related to the topic. The remaining set of 32 articles formed the basis of the second portion of this narrative review (these 32 are identified with an asterisk in the reference list of this manuscript), with the addition of several articles not referenced in PUBMED that were identified through inspection of the reference lists of the original 32, as well as other relevant literature.
We first discuss those articles that addressed the issue of nicotine/tobacco dependence in waterpipe tobacco smokers directly, and then discuss those that present data that indirectly are relevant to dependence and WTS, inasmuch as they address behavioural indicators of drug dependence, as outlined by the WHO in its International Classification of Diseases and Health Problems (ICD-10; see table 1). We recognise there are other dependence indicators provided by other sources (eg, the Diagnostic and Statistical Manual of the American Psychiatric Association; APA, 2013), and that whatever set of indicators is used for this purpose will be controversial.
Direct evidence regarding nicotine/tobacco dependence in waterpipe tobacco smokers Fourteen published papers addressed nicotine/tobacco dependence and WTS directly. Two of those were relatively early works 26 80 and discussed dependence in the context of survey data that assessed related constructs. One such study examined data from 268 waterpipe tobacco smokers who were recruited in restaurants and cafés in Aleppo Syria and responded to items addressing frequency of WTS, context of WTS, transitions in WTS use patterns and perceptions of feeling 'hooked' and ability to quit WTS. Of those sampled, 24% were daily, 48.3% weekly and 27.7% monthly users. Results indicated that more frequent users felt more 'hooked' and engaged more often in WTS alone and at home; they also more often carried a waterpipe with them when one might not be available and preferentially selected venues where one was available. In addition, more frequent users also were more likely to report engaging in WTS more often than when they started and they also reported feeling more 'hooked' on WTS. 80 More frequent users also had lower self-efficacy regarding cessation of WTS. 80 These results supported a conclusion, cautiously worded, that WTS may support nicotine/tobacco dependence because it can cause more frequent use than originally intended, drug-seeking behaviour, and decreased feelings of control over the behaviour. In addition, results suggested a potential difference between nicotine/ tobacco dependence in WTS as compared to cigarette smoking: dependence in waterpipe users may be associated with a transition from social to solitary use. Importantly in this work, frequency of use was a proxy measure for dependence itself, while dependence is likely multidimensional. In a related study examining the data from several related surveys 26 the multidimensional idea of dependence also was discussed. Here, the emphasis was on the intermittent pattern observed in WTS, the variety of specific stimuli that are paired with it, and the social aspects of the behaviour, all of which may act in concert to support associative components of dependence. 81 Taken together, these issues were thought important enough to support development of waterpipe-specific dependence measures.
The construction and validation of a waterpipe-specific dependence measure has been reported. 82 The Lebanese Waterpipe Dependence Scale (LWDS-11) consists of 11 Arabic-language items, each scored 0-3 (see table 2 for the English-language items, response options and scoring). Some items were based on measures used to assess nicotine/tobacco dependence in cigarette smokers and some were included to assess aspects of dependence that may be waterpipe-specific. The scale was validated initially using three separate samples of waterpipe tobacco smokers in Lebanon: a convenience sample of 103 adults (67% men; mean age=29.7 years; 28.2%<2 waterpipes/week, 44.7% 3-6 waterpipes/week, 37.5>6 waterpipes/week), a convenience sample of 15 adults (66.7% men; mean age=27.5 years; 46.7%<2 waterpipes/week, 26.7% 3-6 waterpipes/week, 26.7>6 waterpipes/week), and a random sample of 188 adults (60% men; mean age=36.2 years; 52.7% <2 waterpipes/week, 19.7% 3-6 waterpipes/week, 27.7>6 waterpipes/week). A principal components analysis revealed four dimensions: 'physiological dependence', 'psychological craving', 'negative reinforcement', and 'positive reinforcement.' 82 Cronbach's α ranged from 0.55 to 0.88 for the subscales, and was 0.83 for the total scale; the test-retest coefficient for the total scale (Spearman's correlation) was r=0.92. 82 Validity was explored by examining correlations with exposure to waterpipe smoke toxicants (ie, carbon monoxide (CO) and nicotine) and waterpipe use frequency and significant relationships were found for some but not all factors. 82 Based on results with all three samples, the LWDS-11 appeared to have satisfactory psychometric properties and indicated that nicotine/tobacco dependence in waterpipe tobacco smokers can be measured, and, as with cigarette smokers, is multidimensional with aspects related to positive and negative reinforcement. 82 A social dimension may be unique to WTS, and those users who are not nicotine/tobacco dependent may be occasional smokers who engage in the behaviour to relax or improve morale. 82 A subsequent study on a much larger sample of WTS university students in Lebanon (760 individuals completed the LWDS-11 83 ) confirmed the four dimensions of the scale, though one item (income, see table 2) loaded on 'psychological craving' instead of 'physiological dependence'.
The LWDS-11 has been used to explore nicotine/tobacco dependence in WTS in several ways. First, in a sample of 1066 men and 1134 Lebanese women aged 40 years or older, it has been used to examine gender differences in dependence. 84 In this sample, women who engaged in WTS were more dependent than men, as indexed by LWDS-11 score >10, although there was no difference in smoking frequency and duration between genders. However, in a smaller study of younger waterpipe smokers (N=103, 77% below age 35, 69 men) no such relationship was revealed, though dependence (as indexed by LWDS-11 score >10) was observed in only 24 cases (23.3%). Second, in a case-control study, 85 waterpipe dependence was associated significantly with chronic bronchitis (OR=3.7) and as score on the LWDS-11 increased, so did the odds of chronic bronchitis: LWDS-11 scores of >16 were associated with an OR of 12.34 (95% CI 5.65 to 26.96). In a similarly designed case-control study conducted by the same research group in the same regional area, 86 there was a similar association of increased 2. Impaired capacity to control substance-taking behaviour in terms of its onset, termination or levels of use, as evidenced by the substance being often taken in larger amounts or over a longer period than intended, or by a persistent desire or unsuccessful efforts to reduce or control substance use 32 98 101 102 3. A physiological withdrawal state when substance use is reduced or ceased, as evidenced by the characteristic withdrawal syndrome for the substance, or by use of the same (or closely related) substance with the intention of relieving or avoiding withdrawal symptoms 66 104 4. Evidence of tolerance to the effects of the substance, such that there is a need for significantly increased amounts of the substance to achieve intoxication or the desired effect, or a markedly diminished effect with continued use of the same amount of the substance 63 74 80 100 106 5. Preoccupation with substance use, as manifested by important alternative pleasures or interests being given up or reduced because of substance use; or a great deal of time being spent in activities necessary to obtain, take or recover from the effects of the substance 29 80 100 6. Persistent substance use despite clear evidence of harmful consequences as evidenced by continued use when the individual is actually aware, or may be expected to be aware, of the nature and extent of harm WTS, Waterpipe tobacco smoking.
LWDS-11 scale score and COPD: LWDS-11 scores of <10 were associated with an OR of 0, for scores of 10-16 the OR was 5.56, and for scores >16 the OR was 12.24 (all relative to never-smokers). This effect of dependence on bronchitis and COPD may be due to greater toxicant exposure in more dependent waterpipe tobacco smokers. In a study of Jordanian waterpipe tobacco smokers who either scored low (<7) or high (>13) on the LWDS-11 and then smoked a waterpipe in a laboratory setting, higher LWDS-11 scores were associated with more puffs, longer puffs, shorter interpuff intervals, lower flow rate ( puff velocity), and greater exposure to CO during the smoking session. 87 As the authors noted: "The observation that smokers with higher LWDS-11 scores are exposed to more CO suggests that these individuals may inhale more smoke and thus be at greater risk for waterpipe-induced cardiovascular and pulmonary disease as well as cancer…" (ref. 87 , p. 1785; see also ref. 88 for a potential mechanism relating WTS to COPD).
Thus, the LWDS-11 is a validated instrument used for measuring nicotine/tobacco dependence in waterpipe tobacco smokers and may have utility in identifying individuals who are at risk for developing tobacco-caused disease.
The LWDS-11 has been modified based on empirical observation outside of Lebanon. In one such study, the scale was included in a survey of a representative sample of 5853 students (recruited over 3 years) from four Jordanian universities who responded to an Arabic-language instrument. 89 Of the original sample, 3278 students reported 'ever waterpipe use' and therefore responded to the LWDS-11 items. Their data were divided randomly with the first half undergoing exploratory and the second half confirmatory factor analysis; convergent validity was also examined. Here, a three factor solution using 10 of the original LWDS-11 items was obtained (see table 2; the omitted item was: 'Are you ready not to eat in exchange for a waterpipe?'). Confirmatory analysis revealed a good fit and significant Positive reinforcement Psychosocial Positive/negative reinforcement *Income item was loaded on psychological craving in a study of university students. 81 †Removed from LWDS-10J 87 and LWDS-10. 88 associations between dependence scores and dependence risks such as average number of tobacco heads/session, age of waterpipe initiation and number of waterpipes owned were observed. The resulting scale, the LWDS-10J ( J for 'Jordan') with its three factors corresponding to 'physical dependence', 'relaxation/ pleasure', and 'psychosocial aspects', may be particularly valuable for studies of Arabic-speaking university students.
In another such study, the LWDS-11 was administered to 180 waterpipe tobacco smokers (mean age=29.5, SD=9.4; 52.2% history of daily WTS; 21% smoked their last waterpipe alone) who were recruited from waterpipe cafés in central London, England. 90 As with the LWDS-10J, psychometric analysis led to the elimination of the item 'Are you ready not to eat in exchange for a waterpipe?'. Unlike the LWDS-11 and the LWDS-10J, subsequent analysis led to a two factor solution in which items loaded on domains of 'physiological dependence' and 'positive and negative reinforcement'. Again, psychometric properties of the scale, now relabelled the Lebanon Waterpipe Tobacco Dependence Scale (LWTDS) were generally strong and, 47% of the sample scored greater than 10 on it, indicating dependence. Indeed, there was a significant association between weekly waterpipe smoking frequency and scale score (see figure 2 ), again suggestive of the face validity of the measure. This study was the first to apply the LWDS-11 to non-Arabic-speaking sample, and it highlights the need for further refinement of measures of dependence in waterpipe tobacco smokers that are generalisable and usable across cultures. 90 As noted elsewhere, 91 there is a growing need for waterpipe-specific measures of dependence that are validated for use in other populations where WTS is common. 92 One article explicitly discussed nicotine/tobacco dependence and WTS without reference to the LWDS-11. 32 Here, two instruments commonly used to assess dependence in tobacco cigarette smokers, the Fagerström Test for Nicotine Dependence (FTND; 93 ) and the negative affect, addiction and stimulation subscales of the Horn-Waingrow Reasons for Smoking (RFS; 94 ) scale were modified by substituting the word 'shisha' for 'cigarette' as necessary. 32 One hundred and fifty-four Egyptian men who were exclusive waterpipe smokers responded to the modified instruments that were administered via interview. The mean age of the sample was 47 years (SD=14; range=19-88) and 95% of those responding were daily waterpipe users with an average daily consumption of 4 (SD=8) heads of tobacco.
Results from the modified FTND indicated that respondents with more frequent waterpipe use patterns were more likely to report using a waterpipe to smoke tobacco within the first hour after waking, to smoke a waterpipe even when ill, and to tolerate less than a day without smoking. 32 Results from the modified RFS subscales indicated that the addiction subscale scores were associated significantly with all FTND items, while '[s]moking to relieve negative affect was significantly and positively associated with increased frequency and intensity of waterpipe smoking, shorter duration before symptoms of craving and smoking when ill. Smoking for stimulation was significantly and positively associated with intensity (not frequency) of smoking, younger age of onset, smoking when ill and shorter duration before symptoms of craving" (ref. 32, p. 134) .
In sum, nicotine/tobacco dependence can be measured in waterpipe tobacco smokers using one of the several variants of the LWDS-11. The instrument has acceptable psychometric properties, even when used in different contexts than that in which it was validated originally. There is a clear need to continue refining the LWDS and its variants, particularly with regard to determining its predictive validity against cessationrelated outcomes (ie, quitting and relapse). Nonetheless, our analysis revealed that scores on the LWDS are associated with frequency of use as well as disease states that are likely attributable to WTS. There is general agreement among those studies in which the LWDS has been included that WTS produces nicotine/tobacco dependence, that this dependence has both physiological and psychological/social components, and that further work is needed to develop a more robust instrument that assesses in greater detail the multidimensional aspects of nicotine/dependence across cultures.
Indirect evidence regarding nicotine/tobacco dependence in waterpipe tobacco smokers
In addition to work assessing WTS-associated nicotine/tobacco dependence directly, a group of published studies provide indirect evidence that waterpipe-tobacco smokers experience a variety of indicators of nicotine/tobacco dependence. One potentially useful method for discussing these studies is to select a set of criteria for dependence and determine to what extent the study results address each criterion. The WHO's ICD-10 provides criteria for dependence that might be used in research (see table 1 ) and below each of these criteria is discussed in terms of these studies that indirectly touch on nicotine/dependence in WTS.
As table 1 shows, one dependence criterion addresses 'A strong desire or sense of compulsion to take the substance'. There are a variety of strategies that might be used to establish that this 'strong desire' exists in an individual who may be drug dependent, including behavioural indices that have been applied to the study of nicotine/tobacco dependence in cigarette smokers. 95 96 We are aware of no studies that have applied these or any related behavioural task to WTS. However, several studies address this criterion using subjective measures, often items assessing 'craving' or 'urge'. For example, in a laboratory study of 61 Syrian waterpipe tobacco smokers who also smoked cigarettes (mean age±SD 22.0±2.6 year; mean cigarettes/day 22.4±10.1; mean waterpipes/week 5.2±5.6), a 12 h period of tobacco abstinence preceded assessment of 'urge to smoke' and other measures, followed by a session in which smoking occurred (on 1 day, a cigarette; on another day, a waterpipe) and 'urge to smoke' and other measures were reassessed. 97 Self-reported 'urge to smoke' was high before smoking (approximately 65-80 on a 100 point scale) and decreased significantly after smoking the waterpipe or the cigarette. Since participants in this study were occasional cigarette smokers, the specificity of these results to WTS is uncertain. However, near-identical results were observed in a similarly designed study of 61 Syrian participants who were exclusive waterpipe smokers (mean age=30.9, SD=9.5; mean numbe of weekly waterpipe smoking episodes=7.8, SD=5.7; mean duration of WTS=8.5 years, SD=6.1). 67 In this study, participants abstained from tobacco use for 24 h before smoking a waterpipe in a laboratory. Mean presmoking 'urge to smoke' scores were 39.5 (SD=33.2) and decreased significantly to 22 (SD=30.2), while mean presmoking 'craving a waterpipe/nicotine' scores were 36.7 (SD=35.8) and decreased significantly to 18 (SD=25.8). Self-reported craving also was assessed in a previously mentioned study, 32 in that participants were asked to report how many hours they could go without WTS before they felt craving: results indicated that individuals with more frequent daily WTS use patterns were significantly more likely to experience craving sooner. Craving has also been reported in a survey of waterpipe tobacco smokers in the UK, 98 qualitative studies of Syrian 99 or British waterpipe smokers, 100 as well as in a laboratory study of waterpipe tobacco smokers in the USA. 63 Unfortunately, in none of these studies was there a validated dependence measure that was administered to participants (eg, the LWDS-11 or its variants) so there is no way of knowing to what extent abstinence-induced urge/craving or its subsequent suppression due to smoking was correlated with nicotine/dependence level as assessed by that instrument.
Another ICD-10 dependence criterion involves impaired capacity to control substance use behaviour (table 1) , and can be indexed, in part, by unsuccessful attempts to reduce use of the substance. Several studies provide evidence that WTS is associated with these unsuccessful attempts. For example, in one study cited previously, 32 63% of participants (95/151; all current waterpipe tobacco smokers) reported previous attempts that, clearly, were unsuccessful. Similarly, in the UK university survey, 98 2 of the 21 regular waterpipe tobacco smokers reported unsuccessful quit attempts. Quitting waterpipe smoking was the primary focus of two separate studies using distinct methodology. One was a survey study, involving a random sample of 268 waterpipe tobacco smokers in Aleppo, Syria (40% female; mean age=30 years; range=18-68; 20.3% smoked waterpipe daily). 101 Seventy-six of these individuals reported an interest in quitting and 45 had made a previous quit attempt (clearly unsuccessful) in the past year. 101 The second paper reports the results of a pilot study of a behavioural intervention designed to help waterpipe tobacco smokers quit. 102 Fifty exclusive waterpipe tobacco smokers with a pastyear history of WTS ≥3 times/week (70% with at least one pastyear quit attempt) were randomised to either a brief (n=23) or intensive (n=27) behavioural intervention, and intervention efficacy was evaluated 3 months after it ended using a combination of self-report and objective verification of tobacco abstinence (ie, expired air CO concentration <10 ppm). Although readiness to quit was endorsed by 84% of participants, and 80% reported they were very confident or moderately confident in their ability to quit, continuous, objectively verified abstinence was observed in 9/50 participants (ie, 18%) and objectively verified prolonged abstinence (7 day grace period from quit date) observed in 19/50 participants (38%); there was no statistically significant difference between interventions. 102 To the extent that these results are generalisable, they are the strongest data available that demonstrate that the majority of motivated waterpipe tobacco smokers who want to quit are unable to do so, even when offered the assistance of a behavioural intervention. Taken together, the existing literature makes clear that there are waterpipe tobacco smokers who want to quit, have tried to quit and who have been unsuccessful at quitting. These individuals may well be experiencing one indicator of nicotine/tobacco dependence associated with WTS: unsuccessful efforts to reduce or control substance use.
Another ICD-10 indicator of dependence refers to the occurrence of a withdrawal syndrome, 16 an aversive constellation of signs/symptoms that occurs spontaneously following abrupt termination of the dependence-producing substance. 81 Evidence for this withdrawal syndrome might come from laboratory studies in which exclusive waterpipe smokers are required to abstain from all tobacco use prior to completing standardised questionnaires used to assess nicotine/tobacco abstinence. One such study has been cited previously and provides some evidence that abstinence produces elevated levels of some withdrawal symptoms. 67 Unfortunately, other laboratory studies using similar methodology involved individuals who use other tobacco products in addition to waterpipe 64 97 or occasional waterpipe users who either demonstrably were not dependent based on the LWDS-11 103 or who may not have been dependent based on an infrequent use history (ie, 2-5 episodes monthly 74 ). However, one recent study compares the effects of a 12 h abstinence period in frequent (≥20 monthly episodes, n=17) and occasional (2-5 episodes monthly; n=63) users. 104 While the relatively small sample size in the frequent user group may have influenced study sensitivity adversely, elevated scores on several withdrawal-related measures were observed in the frequent users relative to the occasional users (eg, both factors of the modified Questionnaire of Smoking Urges). Interpreting these results is made challenging by the absence of an assessment of participant dependence using a validated scale (eg, the LWDS-11). Nonetheless, the results are consistent with the notion that, as use frequency increases, abstinence-induced withdrawal symptoms are more likely.
ICD-10 also indicates that tolerance, or the decreasing effects of a drug with repeated administration, is an indicator of dependence. Acute tolerance to the cardiovascular effects of nicotine has long been known to occur 105 and this effect has also been demonstrated in waterpipe smokers. 63 74 That is, during waterpipe use, nicotine levels increase steadily over the first 25 min of a use episode, but heart rate increases are observed during the first 5-15 min only, and after that stabilise at a level that is higher than before smoking, but without continued increase. 63 74 However, this acute effect is likely less relevant to dependence assessment than is an increased waterpipe use frequency over time, which has been reported in qualitative research 99 as well as survey studies. For example, in a previously cited survey of 268 Syrian waterpipe smokers, 114 (42.5%) reported that they smoke waterpipe more frequently when surveyed as compared to when they started. 80 Prospective study of waterpipe use may be the most effective method to determine the extent to which tolerance and thus increased WTS over time occurs reliably. This effect may well occur, and one prospective study that investigated it in Jordanian youth (age 13-16 years) suggests that tolerance may manifest itself not as increased waterpipe use but rather initiation and increasing use of tobacco cigarettes. 106 If this form of 'cross-tolerance' from waterpipe toward cigarettes is reliable and generalises to other populations, it further supports the idea that WTS is a grave and immediate public health threat.
The ICD-10 criteria for substance dependence also include preoccupation with substance use, as indexed by reduction of other activity or spending a great deal of time in seeking, preparing and/or consuming the substance (table 1) . This concept has been discussed in qualitative studies of waterpipe users. 29 100 In one, a participant notes 'Sometimes it bothers me -if I want it [waterpipe] I don't just forget about it-I'll do anything just to have it…I don't know why' (ref. 100, p. 1367) . In another, a participant discusses the use of portable waterpipes to ensure that users have the ability to engage in WTS wherever they go. 29 Indeed, in a survey of Syrian waterpipe smokers, daily and weekly smokers were much more likely to note that they carried a waterpipe with them if needed, and that the availability of waterpipe was a factor in their choice of restaurant/ café. 80 More work is needed to address the extent to which waterpipe tobacco smokers meet this ICD 10 criterion.
One of the most compelling indicators of dependence may be continued use despite known adverse health effects (table 1) . Unfortunately, this compelling indicator is also the most difficult to address empirically today, primarily because the health effects of WTS have been understudied for decades and are only beginning to be revealed (Zaatari et al, under review). Too often, interviews and surveys reveal that WTS is considered to be a low risk activity [107] [108] [109] or, when health risks are acknowledged, they may be downplayed because they are reported inconsistently 110 and/or perceived to be less than those associated with cigarette smoking. [111] [112] [113] This perception likely is strengthened by labelling of waterpipe tobacco that demonstrably is misleading. 114 In this context of poorly communicated health effects and misleading labelling, the well-documented global spread of WTS is unsurprising and the likelihood of documenting continued use despite known adverse health effects is unlikely.
SYNTHESIS AND IMPLICATIONS
The evidence reviewed here makes very clear that WTS supports nicotine/tobacco dependence, at least in some users. To summarise: WTS is associated with the delivery of physiologically active doses of the dependence producing drug nicotine, some waterpipe tobacco smokers engage in nicotine self-administration via waterpipe on a daily basis (sometimes multiple times/day 32 ) , and the literature documents that waterpipe tobacco smokers experience withdrawal, alter their behaviour in order to access a waterpipe and have difficulty quitting, even when motivated to do so. Without doubt, there is a need for instruments that measure WTS-induced nicotine/tobacco smoking more reliably and with greater sensitivity to the multidimensional nature of dependence, greater attention to waterpipe-specific dependence characteristics, and with greater validity and reliability across cultures. 32 92 Such a measure or measures would be helpful in characterising the extent of the spread of WTS-induced dependence worldwide. However, the lack of such a measure and the data it would generate, whatever they might be, should not be used to justify inaction in the face of a growing epidemic. Rather, it should spur those with a strong interest in public health to take several actions: (1) support research investigating methods to measure WTS-induced tobacco dependence, (2) inform the public of the risks of WTS, which include dependence, (3) include WTS in the same public health policies that address tobacco cigarettes.
While the data presented here indicate that WTS can support nicotine/tobacco dependence, they do not provide much information with regard to the population-wide prevalence of WTS-induced dependence, nor do they allow a definitive determination of the factors that lead some users to become dependent while others do not. This information is sorely needed, and its lack may underlie recent commentary suggesting that, in populations in which WTS is becoming more prevalent today, the likelihood of dependence is unclear. 115 This lack of clarity must be addressed empirically, and there is an urgent need for a waterpipe-specific dependence measure that takes into account features of this method of tobacco use that make it different from other forms, including its time-consuming preparation and consumption, intermittent use patterns and variety of unique sensory cues. 91 Such a measure will benefit from research regarding cigarette smoking and smokeless tobacco use, but also likely will require a broad, conceptual mapping approach that takes advantage of current theory in drug dependence as well as expert consensus and makes extensive use of the literature reviewed here to guide item selection. Detailed formative work with waterpipe tobacco smokers would also be valuable, in order to include relevant domains and enhance the representativeness and stability of the domains that are captured. Since waterpipe use is global, a cross-cultural approach to instrument development likely is needed, so that the prevalence of WTS-induced dependence can be studied worldwide. 116 117 When this measure is available, it can be used to strengthen all areas of study, including human laboratory, clinical trial and epidemiological methods that have already been applied to understanding WTS. In short, stakeholders interested in addressing empirically the growing epidemic of WTS should provide the support necessary for the development of a theoretically based, psychometrically sound instrument for measuring WTS-induced nicotine/tobacco dependence wherever waterpipe use occurs.
Support also is needed to inform the public, especially at-risk populations like young adults, of the health threats associated with WTS. In many countries, extensive public health campaigns make clear that tobacco cigarette smoking causes dependence, disability, disease and death. The omission of WTS from these campaigns unintentionally may reinforce perceptions among waterpipe users and non-users that WTS does not carry the same risks. In fact, not only are there long-term disease risks from WTS 68 85 86 but there are immediate, short-term risks as well: few users and non-users are likely aware that WTS can cause acute CO intoxication. 67 118-121 An illusion of safety may arise when misperceptions about short-term and long-term health risks are coupled with lack of clarity regarding dependence. Knowledge can help shatter the illusion. Again, stakeholders interested in addressing the global spread of WTS must act to ensure that the public is informed that this form of tobacco use, like tobacco cigarettes, can cause dependence, disability, disease and death.
Policy is another critical area for addressing the WTS epidemic. Policy interventions such as increased taxes on cigarettes, bans on cigarette advertising and promotions (eg, free packs of cigarettes) and regulation of cigarette labelling have contributed to dramatic reductions in cigarette smoking in various countries. [122] [123] [124] [125] [126] Since these policies are effective, they were incorporated into the Framework Convention on Tobacco Control (FCTC), the WHO's first international treaty. [127] [128] [129] The FCTC outlines evidence-based tobacco control policies that, if implemented properly, have the potential to reduce tobacco use. Importantly, while the FCTC is intended to address tobacco generally, it does not address waterpipe specifically and many of its provisions are being applied to cigarettes only. This uneven application of FCTC provisions is particularly apparent where product labelling is concerned:
Article 11 of the FCTC, which specifically addresses packaging and labelling of tobacco products, prescribes a rotating series of health warnings that should cover at least 50% (or must cover at least 30%) on average of the front and back of the package. … A key aspect of Article 11 is a ban on misleading descriptors; the article text states that 'tobacco product packaging and labelling do not promote a tobacco product by any means that are false, misleading, deceptive or likely to create an erroneous impression about its characteristics, health effects, hazards or emissions'. (ref. 130, p. 235) In fact, waterpipe tobacco products from many countries do not comply with these restrictions: in a sample of 79 WTS tobacco products from nine different countries, the textual labels on packages covered, on average, 3.5% of total surface area. 130 Perhaps more important, 77% of waterpipe tobacco was labelled as '0% Tar' despite the fact that waterpipe tobacco smoke contains substantial tar, 65 and 64% were labelled as either '0.05% nicotine' or '0.5% nicotine' despite the fact that these descriptors are not related to actual nicotine delivery. 114 Thus, current global tobacco control policy does not address WTS specifically, is not applied to WTS, and therefore likely fails to influence WTS. The same situation exists for US tobacco control policy. In the USA, the most important indicator of this policy failure is the Family Smoking Prevention and Tobacco Control Act (FSPTCA). In the FSPTCA, flavoured cigarettes are banned but flavoured waterpipe tobacco is not. Moreover, state and local ordinances that ban cigarette smoking indoors often contain loopholes that allow use of waterpipe indoors. In addition, there is very little effort to develop effective treatments for waterpipe tobacco smokers. 131 This failure to address WTS explicitly at the global, federal, state and local level and the paucity of treatment options, all may contribute to the spread of WTS because it allows the continued sale of sweetened and flavoured tobacco that attracts new users, often exempts WTS from indoor smoking bans, permits misleading labelling, and fails to help current users quit, ultimately leads users to believe that because WTS is less regulated than cigarettes, it is also less dependence-producing and less lethal.
CONCLUSION
This review of the literature on WTS and dependence began with a simple statement: 'The worldwide spread of WTS becomes a public health concern if it is associated with tobaccocaused disease and if its use becomes compulsive (ie, supports tobacco/nicotine dependence)'. Evidence presented here and elsewhere in this volume makes clear that both conditions have been met. Better instruments are needed to understand the prevalence of WTS-induced dependence. While those instruments are being developed, public health efforts can be focused on informing users and non-users about the risk of dependence and other health effects associated with WTS, and including WTS in public health policy, including treatment interventions, aimed at reducing the global burden of tobacco-caused morbidity and mortality.
What this paper adds
This narrative review provides a synthesis of existing research examining the extent to which waterpipe tobacco smoking (WTS) supports nicotine/tobacco dependence.
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